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Genetic Interaction
• A biological phenomenon 
• The combined effect of double mutant differs from 
individual effects of each mutation






• Synthetic lethal genetic interactions can be used 
for understanding protein functions and finding 
drug target.
• Genetic interactions can be identified by mutant 
screens, synthetic genetic arrays (SGA), and 
synthetic lethal analysis by microarrays (SLAM).
• Screening pair wise combination of all genes (> 
10 million in yeast) is overwhelmingly difficult for 
wet lab experiments. 
Key Issues
• The molecular mechanism under genetic 
interactions has not been fully understood. 
• The number of known SLGIs is limited and no 
reliable negative data is available. 
• The class distribution is highly skewed. 
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Method Feature Organism
Wong et al. 
(2004) Decision Tree
Protein Interactions, gene 
expression, function annotation etc. 
Yeast




gene expression, phenotype, 
functional annotation
C.elegans
Paladugu et al. 
(2008) SVM
graph theoretic properties of gene 
pairs in the protein network
Yeast
Chipman et al. 
(2009) Decision Tree





• The problem with previous studies
• Require features from other high throughput 
experiments which are either not available or 
noisy.
• In this dissertation
• Establish new features based on characteristics 
of sequences
• Explore new computational approaches
Predicting Yeast SLGIs Using 
Domain Features
SVM Classifier
• Two-class classification problem
• Synthetic lethal: 1
• Non-synthetic lethal: 0
Data Sources
• Pfam (Protein Families Database): PfamA 
domains are manually curated.  Only PfamA 
domains are considered in our study.
• SGD (Saccharomyces Genome Database): 
synthetic lethal interaction data set was 
extracted from all genetic interactions 
information. Protein pairs were removed if either 
protein doesn’t have domain information. 
Domain Feature Representation
• Each protein pair is represented by a domain 
feature vector that includes all 2289 unique 
PfamA domains.
• Each domain feature has a possible value of 0, 
1, or 2.  The value is 1 if one protein of the 
protein pair contains the domain.  The value is 
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•The obtained genetic interactions were split by half for 
training and testing as positive data.






• There is strong correlation between protein domain 
information and SLGIs.  
• SVM is efficient in predicting yeast SLGIs by using protein 
domains as predictors.  
Predicting Yeast SLGIs Using 
Domain Genetic Interactions
Domain Genetic Interaction
The combined effect of mutations of two domains in 
two proteins differs from individual effects of mutation 
of each domain. 
• The mutation of a gene causes the loss of function 
of its protein product, which may accredit to the 
loss of protein domains in the protein product.
• The effect of the mutation of two genes may be 




• Random variable: Dij, Pmn
• Likelihood of genetic interactions:
M: # domain genetic interactions; N: # non-domain genetic interactions; K: # non-genetic interactions 
with domain pair i,j
• The problem is solved by EM algorithm.
L = Pr(Dij = 1)
Mij (1 Pr(Dij = 1))
Nij +Kij
i, j
Significances of Domain 
Genetic Interactions
• E scores 
• The probability of a domain GI is low if large 
number of proteins pairs includes it while only few 
of them are SLGIs;  If the domain pair is the only 
domain pair of those SLGIs, it may have high E 
score.
Eij = log
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67.48 0.46 PF00225 Kinesin 6 PF01920 Prefoldin_2 4 11
65.59 0.72 PF01302 CAP_GLY 4 PF01920 Prefoldin_2 4 12
63.31 0.32 PF00022 Actin 9 PF01920 Prefoldin_2 4 11
41.73 0.025 PF00071 Ras 24 PF00071 Ras 24 13
39.53 0.036 PF00400 WD40 87 PF01920 Prefoldin_2 4 14
38.41 0.12 PF00071 Ras 24 PF04893 Yip1 3 8
36.53 0.027 PF00069 Pkinase 114 PF01920 Prefoldin_2 4 17
35.15 0.35 PF00225 Kinesin 6 PF02996 Prefoldin 3 6
33.16 0.8 PF01920 Prefoldin_2 4 PF03114 BAR 2 7
31.20 0.013 PF00022 Actin 9 PF00069 Pkinase 114 17
Domain Genetic Interaction 
Network
• Significant domain genetic interactions
• Criteria: E score >= 2 or Probability>0.5
• Total number of domain genetic interactions: 3848
Properties of Domain Genetic 
Interaction Network
• the average connectivity of the network is 7.392
• the average shortest path among all nodes is 3.31
• the average node clustering coefficient of the network is 0.159
Domain Genetic Interactions in SLGIs 
between Multidomain proteins
Novel SLGIs Predicted Using 
Domain Genetic Interactions
• We predict the probabilities of SLGIs using 
probabilities of domain genetic interactions 
calculated from MLE.  
• We assume that two proteins genetically 
interact if and only if at least one domain pair 
from the two proteins genetically interact.
Pr(Pi, j = 1) = 1.0 (1 Pr(Dm,n = 1))
m,n Pi ,Pj
Predicted Novel Genetic Interactions 
with Probability Greater Than 0.9
Protein A Protein B
Probability
Name Annotation Name Annotation
MYO4 type V myosin motors DYN1 Cytoplasmic heavy chain dynein 0.9895
RPO21 RNA polymerase II largest subunit BRF1 TFIIIB B-related factor 0.9816
DST1 General transcription elongation factor TFIIS RET1 Second-largest subunit of RNA polymerase III 0.9797
STO1 Large subunit of the nuclear mRNA cap-binding protein complex RPA190 RNA polymerase I subunit 0.9586
STO1 Large subunit of the nuclear mRNA cap-binding protein complex RPO21 RNA polymerase II largest subunit 0.9586
DST1 General transcription elongation factor TFIIS RPA135 RNA polymerase I subunit A135 0.9570
BNR1 Formin,  nucleates the formation of linear actin filaments DYN1 Cytoplasmic heavy chain dynein 0.9441
CEG1 Alpha (guanylyltransferase) subunit of the mRNA capping enzyme RPA190 RNA polymerase I subunit 0.9437
CEG1 Alpha (guanylyltransferase) subunit of the mRNA capping enzyme RPO31 RNA polymerase III subunit 0.9437
RPB5 RNA polymerase subunit RPA190 RNA polymerase I subunit 0.9437
RPB5 RNA polymerase subunit RPO31 RNA polymerase III subunit 0.9437
DST1 General transcription elongation factor TFIIS RPA190 RNA polymerase I subunit 0.9265
DST1 General transcription elongation factor TFIIS RPO31 RNA polymerase III subunit 0.9265
ARO1 Pentafunctional arom protein SPT16 Subunit of the heterodimeric FACT complex 0.9198
RET1 Second-largest subunit of RNA polymerase III SUA7 Transcription factor TFIIB 0.9035
BRF1 TFIIIB B-related factor RET1 Second-largest subunit of RNA polymerase III 0.9035
BRF1 TFIIIB B-related factor RPB2 RNA polymerase II second largest subunit 0.9035
DNA Repair Genetic Interaction 
Network
Evaluate Predicted SLGIs Using GO







0.95 2.8616 8.18E-03 7.0986 1.54E-07
0.9 4.1388 1.09E-04 9.6944 6.83E-14
0.85 4.5079 1.58E-05 11.5580 7.19E-21
0.8 3.5569 4.27E-04 15.3384 1.62E-40
0.75 5.1504 3.51E-07 20.2872 6.66E-69
0.7 4.6786 3.36E-06 22.3357 5.43E-85
0.65 6.2352 5.66E-10 29.9002 4.46E-152
0.6 5.4971 4.28E-08 31.8686 9.99E-177
0.55 5.0716 4.21E-07 33.2063 1.48E-193
0.5 2.8398 4.53E-03 39.0308 5.67E-272
0.45 1.8511 0.064 40.8923 1.03E-300
0.4 0.5845 0.559 46.6709 0.00
0.35 -0.6147 0.539 50.3936 0.00
0.3 -3.5334 4.11E-04 53.5202 0.00
0.25 -6.3149 2.76E-10 60.1044 0.00
0.2 -11.6473 2.92E-31 63.5508 0.00
0.15 -16.2162 8.97E-59 70.9904 0.00
0.1 -23.2261 1.81E-117 82.4446 0.00
0.05 -31.1076 2.91E-205 99.6669 0.00
0 -49.0786 0.00 185.9402 0.00
Summary statistics of distribution of the similarities between the GO biological processes 
of genetic interacting proteins
Evaluate Predicted SLGIs Using GO







0.95 2.4239 0.0226 5.4338 1.07E-05
0.9 4.0408 1.53E-04 7.6053 2.31E-10
0.85 4.9111 3.03E-06 9.8846 5.60E-17
0.8 4.8803 1.62E-06 13.7995 1.64E-34
0.75 5.5758 3.74E-08 17.6206 1.89E-55
0.7 5.6365 2.39E-08 20.1136 5.25E-72
0.65 6.9807 4.23E-12 26.7665 3.22E-127
0.6 5.4308 6.21E-08 27.8059 2.90E-141
0.55 4.8200 1.52E-06 29.0693 2.93E-155
0.5 2.8470 4.43E-03 33.9117 1.57E-214
0.45 2.0025 0.0453 35.5617 3.54E-237
0.4 0.2845 0.7760 39.9349 3.08E-301
0.35 -1.7901 0.0735 41.7910 0.00
0.3 -4.7863 1.71E-06 44.2991 0.00
0.25 -8.2880 1.22E-16 48.8099 0.00
0.2 -12.9517 3.19E-38 53.1532 0.00
0.15 -16.7738 1.04E-62 59.9635 0.00
0.1 -24.262 1.07E-127 67.8925 0.00
0.05 -32.1225 6.40E-218 77.9517 0.00
0 -55.8164 0.00 43.4725 0.00
Summary statistics of distribution of the similarities between the GO cellular component 
of genetic interacting proteins
Evaluate Predicted SLGIs Using GO







0.95 2.4895 0.0204 3.7151 1.14E-03
0.9 4.1629 1.15E-04 5.8254 3.43E-07
0.85 2.7182 7.78E-03 5.2245 1.03E-07
0.8 3.3616 8.92E-04 7.5871 6.66E-13
0.75 3.9179 1.03E-04 9.3705 4.77E-19
0.7 4.6401 4.27E-06 10.8787 4.29E-25
0.65 7.5061 1.25E-13 15.3320 1.44E-47
0.6 7.7377 1.82E-14 16.9870 2.03E-58
0.55 7.1848 9.68E-13 17.4099 7.03E-62
0.5 5.4622 5.05E-08 18.8874 5.92E-74
0.45 4.7483 2.12E-06 19.5387 1.88E-79
0.4 2.9593 0.0031 21.2428 1.80E-94
0.35 3.0087 0.0026 23.4789 4.78E-115
0.3 2.1694 0.0301 25.6045 6.41E-137
0.25 -0.0979 0.9220 27.3813 1.31E-157
0.2 -2.4949 0.0126 28.9940 7.19E-178
0.15 -6.1706 6.99E-10 30.3384 3.11E-196
0.1 -9.5693 1.30E-21 35.3075 1.82E-266
0.05 -12.8642 1.49E-37 42.3348 0.00
0 -17.3589 2.94E-66 110.0738 0.00
Summary statistics of distribution of the similarities between the GO molecular 
function of genetic interacting proteins
Evaluate Predicted SLGIs Using Gene 
Expressions







0.95 -1.2311 0.2292 -0.0525 0.9586
0.9 -2.0549 0.0442 -0.3759 0.7083
0.85 -1.1770 0.2417 0.9884 0.3251
0.8 0.5674 0.5710 3.8704 1.32E-04
0.75 0.2503 0.8024 4.3109 1.94E-05
0.7 0.3446 0.7310 5.0998 4.35E-07
0.65 1.6739 0.0943 8.0533 1.79E-15
0.6 1.4894 0.1370 8.6120 1.63E-17
0.55 1.3339 0.1824 8.9319 9.58E-19
0.5 0.7308 0.4650 10.1916 5.34E-24
0.45 0.6319 0.5275 10.6774 3.35E-26
0.4 0.4825 0.6290 12.2157 8.43E-34
0.35 0.0290 0.9769 12.8720 2.16E-37
0.3 -0.7195 0.4720 13.4718 7.30E-41
0.25 -2.3167 0.0205 13.4981 3.80E-41
0.2 -3.6548 2.58E-04 14.1176 6.34E-45
0.15 -4.6716 3.01E-06 15.7401 1.85E-55
0.1 -7.2015 6.20E-13 15.9569 4.35E-57
0.05 -9.6593 5.26E-22 16.5797 1.36E-61
0 -13.9797 5.11E-44 24.3758 3.57E-131
Summary statistics of distribution of the correlation coefficient between the cell cycle 
expression profiles of genetic interacting proteins
Compensatory Pathways
• SLGIs have higher probabilities of occurrence between 
compensatory pathways; there are few SLGIs within the 
pathway.
• We can identify the compensatory pathways by finding the 
bipartite sub-networks in a genetic interaction network, 
whose edges are those predicted genetic interactions with 
probability greater than 0.3. 
• Obtain 167 compensatory pathways.  
• Include 638 proteins and 3535 SLGIs.

Summary
• Yeast SLGIs can be explained and predicted by domain 
genetic interactions. 
• Domains in multidomain yeast proteins contribute to 
their genetic interactions differently.
• Novel compensatory pathways can be identified from 
predicted SLGIs.  
Bo Li, Weiguo Cao, Jizhong Zhou and Feng Luo, “Understanding and predicting genome-wide synthetic lethal genetic interactions 
in Saccharomyces cerevisiae using domain genetic interactions”. BMC Systems Biology 2011, 5:73.





Predicting Yeast SLGIs Using 
Short Polypeptide Clusters
Construct Short Polypeptide 
Clusters
• Identify significant short polypeptide 
sequence pairs
• Cluster short polypeptide sequences
• Post-process short polypeptide 
clusters
Identify Significant Short 
Polypeptide Sequence Pairs
• Chop protein sequence into chunks 
sequentially with a moving window
• Chunk size: 25 amino acids
• Window size: 5 amino acids
• Conduct local alignment using Smith-
Waterman algorithm
• Short polypeptide pairs with significant 
Identify Significant Short 
Polypeptide Sequence Pairs
threshold = z + x
For each protein, we model the similarity scores 
with Gaussian distribution.
z-score is 5.61 for p-value 10-8
Cluster Short 
Polypeptide Sequences
• Step 1. Conduct multiple sequence alignment 
(MSA) for the members of the cluster using 
ClustalW;
• Step 2. Build a HMM model using HMMbuild from 
the output of MSA conducted in step 1;
• Step 3. Search all relevant polypeptides using 
HMMsearch and add them to the cluster;
• Step 4. Go back to step 1 until no new 
polypeptides can be recruited.
Post-process Short Polypeptide 
Clusters
• Merge short polypeptide clusters with 
shared polypeptide sequences
• Filter common short polypeptide 
clusters

Number of Polypeptide 
Clusters
E-10 E-15 E-20
20 16414 33385 51740
50 16538 33692 53415
100 16581 33829 53755
No filter 16594 33854 53778
Coverage of Proteins
E-10 E-15 E-20
20 5926 5215 4984
50 5963 5239 4996
100 5966 5255 5004
No filter 6260 5345 5104
Coverage of SLGIs
E-10 E-15 E-20
20 10084 8693 8285
50 10129 8725 8304
100 10129 8749 8309
No filter 10786 8947 8579
Performance of SVM with HMMsearch 
threshold setting to 10-10






























































SLGIs and non-SLGIs from Wong et al. (2004)
Summary
• We created a framework to identify short polypeptide 
clusters from yeast protein sequences.
• The short polypeptide clusters provide better coverage 
than protein domains.
• The short polypeptide clusters are superior to protein 
domains while being used to predict yeast SLGIs.
Bo Li et al.  “Predicting yeast synthetic lethal genetic interactions using short polypeptide clusters”. To be submitted.
Conclusion
• Establish sequence features to characterize yeast SLGIs, 
which help understand the molecular mechanisms of 
SLGIs.
• Help more precisely define the functional relationship 
between yeast proteins 
• Provide novel approaches to predict new SLGIs.  
Future Work
• Focus on certain categories of protein domains
• Annotate short polypeptide clusters
• Extend our approach to other organisms to understand 
the evolutionary conservation of domain/short 
polypeptide cluster genetic interactions
Thank you!
Questions?
